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ABSTRACT
The present study  evaluated the correlation between arterial CO2  and exhaled CO2 during brief 
high-pressure pneumoperitoneum. Patients were randomly distributed into two groups:  P12 group 
(n=30) received a maximum intraperitoneal pressure of 12mmHg, and P20 group (n=37) received 
a maximum intraperitoneal pressure of 20mmHg. Arterial CO2 was evaluated by radial arterial 
catheter  and  exhaled  CO2 was  measured  by  capnometry  at  the  following  time  points:  before 
insufflation,  once  intraperitoneal  pressure  reached  12mmHg  ,  5  minutes  after  intraperitoneal 
pressure reached 12mmHg for the P12 group or 20mmHg for the P20 group,  and 10 minutes after 
intraperitoneal pressure reached 12mmHg for the P12 group or when intraperitoneal pressure  had 
decreased from 20mmHg to 12mmHg, for the P20 group. During brief durations of very high 
intraperitoneal pressure   (20mmHg), there was a strong correlation between arterial CO2  and 
exhaled CO2. Capnometry can be effectively used to monitor patients during transient increases in 
artificial pneumoperitoneum pressure.
Key Words: Intraoperative monitoring; laparoscopy; pneumoperitoneum; surgical instruments
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Surgical trauma is reduced by minimally invasive surgery, with consequent attenuation of 
metabolic  responses  and  benefits  to  the  patient1 such  as  a  reduction  of  pain2 better  cosmetic 
outcome,  shorter  period  of  hospitalization3 early  resolution  of  postoperative  gastrointestinal 
paralysis  (adynamic  ileus)4  and  reduced  changes  in  pulmonary  function.5  There  is  a  net 
immunologic advantage of laparoscopic surgery.6 These benefits are particularly pertinent to video 
laparoscopy.  The  gas  most  used  for  insufflations  into  the  peritoneal  cavity  for  creation  of 
pneumoperitoneum is CO2, because of its low cost, noninflammability, and known metabolism in 
the  human  organism.7 Moreover,  carbon  dioxide  insufflations  has  an  inhibitory  effect  against 
bacterial infection.8 However, because it is relatively new, the laparoscopic surgical technique is still 
the subject of some controversy.9 In particular,  the best  way to access the peritoneal cavity for 
initiation  of  the  pneumoperitoneum  has  yet  to  be  determined.10 Currently,  the  Veress  needle 
puncture11 is the technique utilized most often.12
Most of the complications in laparoscopic surgery occur early in the procedure during the 
introduction of the Veress needle and the first trocar. This step may cause multiples complications.13 
Therefore,  we seek  ways to  prevent  iatrogenic  complications,  such as  establishing  an artificial 
system that keeps the pneumoperitoneum pressure very high for a duration sufficient to introduce 
the first trocar by the closed method. This method contributes to the protection of intra-abdominal 
structures without causing clinical complications.14 
Continuous monitoring of the arterial blood gas exchange during laparoscopy is imperative, 
especially while the intraperitoneal pressure (IPP) is highly elevated. The insufflation of a highly 
diffusible foreign element (CO2) in the peritoneal cavity can cause disturbances to gas exchange in 
the  alveoli  and  intraperitoneal  capillary  network.15-20 Arterial  blood  gas  monitoring  is  routinely 
carried out by capnometry (measuring the concentration of exhaled carbon dioxide,  EtCO2).21-23 
Even though capnometry is an indirect way of determining CO2 concentration in arterial blood, 
studies have shown a correlation between EtCO2 and PaCO232 at IPPs below 15 mm Hg. However, 
it is still unknown whether this correlation holds at higher IPP.
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Therefore, it is extremely important to determine the best method for measuring
CO2 concentration during artificial high-pressure pneumoperitoneum to improve the
safety of this technique. The present study evaluated the correlation between PaCO2 and
EtCO2 during brief high-pressure pneumoperitoneum.
METHODS
This prospective, randomized clinical trial was approved by the Ethics Committee of the 
Federal University of São Paulo (UNIFESP) under number 1.219/07 and by the Research Ethics 
Committee of the University of Taubaté (UNITAU) under number 007/2.007. All patients signed an 
informed consent form. The study was conducted at the Dr. José de Carvalho Florence Municipal
Hospital (HMJCF) in São José dos Campos, SP, Brazil.
Between  October  2007  and  May  2008,  we  enrolled  67  patients  scheduled  for elective 
laparoscopic surgery. The studied patients were aged between 20 and 79 years, classified according 
to their physical condition as ASA I or ASA II, and had no history of abdominal surgery in organs 
located in the supramesocolic abdomen floor, no previously diagnosed peritonitis and a body mass 
index (BMI) of less than 35. Patients were randomly assigned either to a group P12 (n = 30) when 
they received insufflation with 12 mmHg, or to a group P20 (n =37). Patients in the P12 group were 
between 22 and 72 years old, with an average age of 47.2 years and a standard deviation of ±14.5.  
Patients in the P20 group were 20-79 years old, with an average age of 46.5 ±15 years. The mean 
BMI of the P12 group was 26.3 with a standard deviation of ±4 and amplitude between 20.2 and 
33.4; in the P20 group, these values were 26.2, ±3.8, and 17.5-34.6, respectively. There were 25 
women and 5 men in the P12 group, and 30 women and 7 men in the P20 group. There were no 
statistically significant differences in the demographic data between groups (P>0.05).
Patients received pre-anaesthetic evaluation at  the clinic before surgical intervention.  No 
patient received pre-anaesthetic medication.  Allen’s test,  as modified by Asif,24 was performed 
before anaesthesia was administered.
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Patients were hydrated with lactated Ringer’s solution after venipuncture with
an 18G catheter according by anaesthesiologist criteria. Lines were installed to monitor cardioscopy 
data (five leads ECG), pulse oximetry, noninvasive blood pressure and intratracheal pressure and to 
perform  capnometry.  All  patients  received  general  anaesthesia.  Anaesthesia  was  induced  with 
sufentanil  0.5mcg/kg,  rocuronium 0.6mg/kg  and  propofol  2mg/kg.  Anaesthesia  was  maintained 
with  sevoflurane  in  a  mixture  of  oxygen  and  compressed  air.  All  patients  were  mechanically 
ventilated using a ventilator with a timed cycle. Anaesthesia and monitoring were performed with 
an Ergo System PC 2700 - Shogum Takaoka and a Dräger Fabius GS anaesthesia workstation with 
Dixtal monitors (model DX 2010). Ventilation was carried out so that the initial fraction of inspired 
oxygen  was  60%,  final  positive  exhaled  pressure  was  4cmH2O,  flow  volume  was  7mL/kg, 
respiratory rate was 15 breaths per minute and the inspiration/expiration ratio was 1:2.
Six  patients  were  excluded  from  the  study  for  the  following  reasons:  one  patient had 
bronchospasms after induction, in one patient the intubation was difficult and it was necessary to 
use additional procedures not covered in the study protocol, in two patients the third attempt to 
catheterize the radial artery failed and in two patients blood samples were lost due to clot formation.
Pneumoperitoneum was induced by the closed technique. The abdomen was punctured with 
a Veress needle, and the flow of CO2 was set to 1L per minute. EtCO2 and PaCO2 were evaluated in 
both groups at the following time points: before insufflation (M0), once the IPP reached 12mmHg 
(M1), 5 minutes after the IPP reached 12mmHg for the P12 group or 20mmHg for the P20 group 
(M2) and 10 minutes after the IPP reached 12mmHg for the P12 group or when IPP had decreased 
from 20mmHg to 12mmHg, 10 minutes after M1, for the P20 group (M3).
Arterial blood gas analysis was performed with a Rapidlab 348 Bayer Health Care, Model 
348 pH/Blood Gas Analyzer SN 6678. Patient cardiac rhythm, pulse oximetry, end-tidal (ETCO2), 
mean arterial pressure and intratracheal pressure (measure by anaethesia workstation in cmH2O) 
were monitored during the surgical procedure. In the recovery room after anaesthesia, patient heart 
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rate, cardiac rhythm, mean arterial pressure, pulse oximetry, consciousness and muscle activity were 
monitored until the patient was discharged to the ward.
Position measurements for continuous variables and frequencies for categorical variables 
were used for the descriptive statistical analysis. The chi-square test was used to compare age, BMI 
and  the  gender  correlation  between  the  groups.  Differences  were  considered  to  be  statistically 
significant  when  P>0.05.  To  correlate  EtCO2 with  PaCO2 for  each  time  point  analysed,  the 
Spearman correlation coefficient was used. The correlations were considered to be statistically
significant when P>0.05.
RESULTS
There was a strong correlation between EtCO2 and PaCO2 for both the P20 and P12 groups 
(Table 1, Table 2, Figure 1 and Figure 2). The various parameters measured in this study did not 
surpass values considered normal in healthy populations undergoing surgical procedures. All values 
remained normal until patients were discharged after the post-anaesthesia recovery.
DISCUSSION
Previously,  analysis  through  non  invasive  data  did  not  show  significant  clinical 
modifications  during  laparoscopic  procedures  with  brief  transitional  high-pressure  artificial 
pneumoperitoneum for the introduction of the first trocar.14 In this study, we analysed physiological 
changes and gas exchange during these moments. 
Patients were divided into two groups: P12, receiving a maximum IPP of 12mmHg, and 
P20, receiving a maximum IPP of 20mmHg. The P12 group was the positive control group in which 
all biological indices during the surgical procedure with standard IPP (12mmHg) were analysed. 
Thus, the purpose of including the P12 group in this study was to isolate the role of high pressure  
(20mmHg) in changes that were observed in the P20 group. The parameters were evaluated in the 
P12  group  to  exclude  duration  of  pneumoperitoneum  as  the  determining  factor  in  biological 
6
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
hd
l:1
01
01
/n
pr
e.
20
11
.6
53
8.
1 
: P
os
te
d 
15
 O
ct
 2
01
1
changes observed in the P20 group. Thus, it is possible to attribute differences found in the P20 
group compared to the P12 group exclusively to high IPP. The P20 group was both the experimental 
group and its  own control.  In this  group,  measurements  were taken before pneumoperitoneum, 
when IPP reached 12mmHg and after IPP reached 20mmHg. 
We used  propofol,  rocuronium,  sevoflurane  and  sufentanil  for  anaesthesia because  they 
maintain  stable  cardiopulmonary  parameters,  provide  quick  access  to  the  airways  and  reduce 
postoperative incidence of nausea, vomiting and algesia.25-31
The initial  ventilation  parameters  were  constant  flux,  a  60% fraction  of  inspired oxygen,  final 
exhaled positive pressure of 4cmH2O, flow volume of 7mL/kg, respiratory rate of 15 breaths per 
minute, inspiration/expiration ratio of 1:2 and cycling to volume with the intention of promoting a 
volume per minute adequate to compensate for the exposure of the patient to increased IPP with 
CO2. 32
The Allen's test, performed before catheterization of the radial artery, does not fully prevent 
the occurrence of injury after intervention in this vessel 33-36. In the present study, it was performed 
in 69 patients with no procedure-related complications.
The laparoscopic procedures using pneumoperitoneum with CO2 are associated with risk of 
hypercapnia due to the increase in IPP and absorption of CO2 by the peritoneum,15-17 which can lead 
to  respiratory  acidosis.  The  CO2 absorption  depends  on  IPP  and  the  integrity  of  the  serous 
peritoneum. In this study, there were no statistically significant changes in PaCO2 in either group. 
As the ventilation parameters did not change throughout the study, the data suggest that there is no 
increase  in  CO2 absorption  by  the  peritoneum  as  a  consequence  of  the  increase  in  IPP from 
12mmHg to 20mmHg over five minutes in the presence of consistent ventilation. This may be the 
case because the increase in intra-abdominal pressure could cause compression of capillaries, which 
limits  the  absorption  of  CO218-20  and  reduces  blood  flow  to  the  splanchnic  region.  In  these 
circumstances, metabolic acidosis may be associated with respiratory alkalosis. 
Another  study,  using  IPP from 1214mmHg to  14mmHg showed the  unreliability  of  the 
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relationship of arterial and end-tidal CO2  after 270 minutes of procedure 23. 
In conclusion, capnometry can be reliably used to monitor patients during transient increases 
in  pneumoperitoneum pressure for introduction of  the first  trocar  into the abdominal  cavity by 
closed entry.
No external funding and no competing interests declared
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Tables
Table 1 -  Correlation between the concentration of exhaled carbon dioxide (EtCO2)  and partial 
pressure of arterial carbon dioxide (PaCO2) in the P12 group (maximum IPP of 12 mm Hg) 
Correlation between EtCO2 and PaCO2 by time 
point M0 M1 M2 M2
R 0.59 0.74 0.61 0.76
P-value 0.0005 0.0000 0.0003 0.0000
n 30 30 30 30
R = Spearman correlation coefficient; n = sample size
M0 - before pneumoperitoneum
M1 – when IPP reached 12 mm Hg
M2 - 5 minutes after IPP reached 12 mm Hg
M3 - 10 minutes after IPP reached 12 mm Hg
There was a significant correlation between EtCO2 and PaCO2 at each time point tested.
Table 2 -  Correlation between the concentration of exhaled carbon dioxide (EtCO2)  and partial 
pressure of arterial carbon dioxide (PaCO2) in the P20 group (maximum IPP of 20 mm Hg) 
Correlation between EtCO2 and PaCO2 by time 
point M0 M1 M2 M3
R 0.63 0.51 0.63 0.62
P-value 0.0000 0.0012 0.0000 0.0000
n 37 37 37 37
R = Spearman correlation coefficient; n = sample size
M0 - before pneumoperitoneum
M1 - after IPP reached 12 mm Hg
M2 - 5 minutes after IPP reached 20 mm Hg
M3 - after IPP returned to 12 mm Hg, 10 minutes after M1
There was a significant correlation between EtCO2 and PaCO2 at each time point tested.
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FIGURES
Figure 1 - Correlation between the concentration of exhaled carbon dioxide (EtCO2) and partial 
pressure of arterial carbon dioxide (PaCO2) for the P12 group (IPP of 12 mm Hg) at M0 (before 
pneumoperitoneum), M1 (when IPP reached 12 mm Hg), M2 (5 minutes after IPP reached 12 mm 
Hg) and M3 (10 minutes after IPP reached 12 mm Hg).
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Figure 2 - Correlation between the final concentration of exhaled carbon dioxide (EtCO2) and 
partial pressure of arterial carbon dioxide (PaCO2) for the P20 group (IPP of 20 mm Hg), at M0 
(before pneumoperitoneum), M1 (when IPP reached 12 mm Hg), M2 (5 minutes after IPP reached 
20 mm Hg) and M3 (when IPP returned to 12 mm Hg, 10 minutes after M1).
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